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Modeling of Complex Network Formation Based on Game Theory
Tetsuo IMAI＊, Atsushi TANAKA＊＊, 
Kousuke YOSHIZAWA＊＊＊ and Shuhei MIYAKE＊＊＊
In various fields such as communication technology, sociology, and biology, it has been revealed that 
network structure （topology） composed of elements and relationships of the elements has property of the 
complex networks. By the concept of individual rationality, in order to reveal why numerous individuals tend 
to self-organize complex networks, we have modeled complex networks formation based on game theory and 
analyzed their properties. In this paper, an overview of the research results and prospects are described.
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ϫʔΫ (ҎԼɼNW)ͷߏ଄ (τϙϩδ)͕ෳࡶ NW
ͱݺ͹ΕΔಛੑΛ͍࣋ͬͯΔ͜ͱ͕໌Β͔ʹͳͬͯ
͖͍ͯΔɽෳࡶ NW ͸ɼεέʔϧϑϦʔੑ ஫ 1














































NWܗ੒ήʔϜ (network formation game)͸ɼ
MyersonʹΑͬͯఏҊ (Myerson 1976)[13] ͞Εɼ
ޙʹ Jackson ͱWolinsky ʹΑͬͯઓུܗήʔϜ
ͷܗͰఆࣜԽ (Jackson and Wolinsky 1996)[10]




ΕΔɽͳ͓ຊߘͰ͸؆୯ͷͨΊɼϊʔυ iͱ j Λ݁






ઓུ ϊʔυ i ͷઓུ͸ɼϒʔϧม਺ͷ n − 1 ࣍
ݩϕΫτϧ si = (si1, si2, . . . , si(i−1), si(i+1),
. . . sin) ∈ {0, 1}n−1 Ͱද͞ΕΔɽ͜͜Ͱ
sij = 0 ͷͱ͖ɼϊʔυ i ͕ϊʔυ j ͱϦ
ϯΫΛுΔ͜ͱΛر๬͠ͳ͍͜ͱΛҙຯ͠ɼ
sij = 1Ͱ͋Ε͹ر๬͢Δ͜ͱΛҙຯ͢Δɽ
ؼ݁ ઓུͷ૊ s = (s1, s2, . . . , sn)ʹରͯ͠ؼ݁
ͱͯ͠ಘΒΕΔNWτϙϩδ g(s)͸ɼg(s) =
{ij|sij = sji = 1}ͱͳΔɽ͢ͳΘͪɼ͢΂ͯ
ͷϊʔυϖΞͰɼϖΞͷ૒ํ͕ڞʹر๬ͨ͠ͱ
͖ʹϦϯΫ͕ܗ੒͞ΕΔɽ
རಘ NWτϙϩδ g(s)ʹ͓͚Δϊʔυ iͷརಘ
ui(g(s)) : G → Rͱͯ͠ɼຊߘͰ͸ҎԼͷؔ
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͜͜Ͱ 0 < δ < 1 ͸ݮਰύϥϝʔλΛɼdij
͸ϊʔυ i, j ؒͷ࠷୹ܦ࿏௕ (ͨͩ͠ iͱ j ͕
౸ୡՄೳͰͳ͍ͱ͖ʹ͸ dij = ∞)Λɼcij ͸




ఆ ஫ 5 (pairwise stability)ʯͷ֓೦͕ఏҊ͞Ε
͍ͯΔɽ
ର҆ఆੑͷఆٛͷલʹ·ͣɼදهΛ੔ཧ͢Δɽ
ij /∈ g Ͱ͋Δ g ʹର͠ϦϯΫ ij Λ௥Ճͨ͠ NW
τϙϩδΛ g + ijɼಉ༷ʹ ij ∈ g Ͱ͋Δ g ʹର͠
ϦϯΫ ij Λ࡟আͨ͠ NW τϙϩδΛ g − ij ͱද





ui(g − ij)− ui(g), if ij ∈ g
ui(g + ij)− ui(g), if ij /∈ g.
(2)
ͱද͞ΕΔɽ͋Δ NWτϙϩδ g ͕ର҆ఆͰ͋Δ
ͱ͸ɼ
∀ij ∈ g ʹର͠Δugi (ij) ≤ 0, Δugj (ij) ≤ 0 (3)
͔ͭ










(possible link change) ʹ͍ͭͯ΋ड़΂ΔɽҎ
Լͷ৚͕݅੒Γཱͭͱ͖ɼϦϯΫ ij ͸ՄೳͳϦϯ
ΫมಈͰ͋Δͱ͍͏ɽ
ij ∈ g Ͱ͋Ε͹
Δugi (ij) > 0 ·ͨ͸ Δu
g
j (ij) > 0 (5)
ij /∈ g Ͱ͋Ε͹
Δugi (ij) ≥ 0 ͔ͭ Δugj (ij) ≥ 0,
ͨͩ͠Δugi (ij) = Δu
g































(1) c < δ− δ2 ͷͱ͖ɼ͢΂ͯͷϊʔυϖΞͷؒʹ
ϦϯΫ͕ଘࡏ͢Δ׬શ NW ͕།Ұͷޮ཰ղͰ
͋Δɽ







(3) δ + n−22 δ
2 < cͷͱ͖ɼ1ͭ΋ϦϯΫΛ࣋ͨͳ
͍ۭͷ NW͕།Ұͷޮ཰ղͰ͋Δɽ
ఆཧ 2.2. རಘؔ਺Λࣜ (1)ͱ͠ɼϦϯΫίετ͕
શͯ౳͍͠৔߹ͷ઀ଓϞσϧʹ͓͍ͯɼର҆ఆղʹ
ؔͯ͠ҎԼ͕੒Γཱͭɽ
(1) ର҆ఆͳ NW ͕࣋ͭඇۭͷ࿈݁੒෼ͷ਺͸
ߴʑ 1ͭͰ͋Δɽ
(2) c < δ − δ2 ͷͱ͖ɼ།Ұͷର҆ఆ NW͸׬શ
NWͰ͋Δɽ
(3) δ− δ2 < c < δͷͱ͖ɼશϊʔυʹΑΔελʔ
ܕ NW ͸ର҆ఆͰ͋Δ͕ɼඞͣ͠΋།Ұͷର
҆ఆ NWͱ͸ݶΒͳ͍ɽ



















Jackson and Rogers (2005)[8]ʹΑͬͯ੒͞Εͨɼ
੩ֶత NW ܗ੒ήʔϜͱෳࡶ NW ͱͷؔ࿈ੑʹ
ؔ͢Δ݁ՌͰ͋Δ ஫ 7 ɽ൴Β͸ϦϯΫίετʹؔ
ͯ͠ౡϞσϧͱݺ͹ΕΔϞσϧΛѻͬͨɽౡϞσϧ










׬શ NW ͱͳΔ͜ͱɽ(2) ௚ܘ (͢΂ͯͷϊʔυ
ϖΞͷ࠷୹ܦ࿏௕ͷ࠷େ஋)͓Αͼฏۉ࠷୹ܦ࿏௕
͸ɼD + 1 ΑΓ΋খ͘͞ͳΔ͜ͱɽ(3) ·ͨಛʹ
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ਤ 1: ޮ཰ղͱର҆ఆղͷؔ܎ɽࡾ্ (2006)[18]ͱ૿ࢁ (2013)[19]ͷهड़ΛجʹචऀΒ͕࡞੒ɽ




























Jackson ʹΑΔஶॻ (Jackson 2008)[7] ͷ Figure
6.2ΛجʹචऀΒ͕࡞੒ɽ
ౡ಺ϦϯΫͷίετ c < 0.04ɼౡ֎ϦϯΫͷίε









































؇࿨͠ɼ·ͨଟ͘ͷ NW ͕খن໛ͳ NW ͔Βେ
ن໛ͳ NWʹ੒௕͍ͯͬͨ͠ͱ͍͏఺ʹ஫໨ͯ͠ɼ
Jackson and Wattsͷಈֶੑͷݚڀ (Jackson and
Watts 2002)[9]Λجʹ Imai and TanakaʹΑͬͯ





• ֤཭ࢄ࣌ؒ tͰ͸ɼՄೳͳϦϯΫมಈͷ͏ͪ 1












































































Δ NW ͷಛ௃ɼಛʹෳࡶ NW ͷಛ௃͕ݱΕΔ͔
Ͳ͏͔Λݕূ͢Δ͜ͱͰɼෳࡶ NW ܗ੒ͷઆ໌Ϟ











































ϦʮLEMONʯ(Dezso˝ et al. 2011)[3]Λ࠾༻ͯ͠ɼ
ޮ཰తͳάϥϑ୳ࡧʹΑΓརಘؔ਺ࢉग़ͷͨΊͷ
ܭࢉྔͷ࡟ݮΛਤͬͨɽୈࡾʹɼେن໛γϛϡϨʔ




















































































ΫϥελϦϯά܎਺ 0.00 2.26× 10−7
ฏۉ࠷୹ܦ࿏௕ 7.49 5.38
(c) ֤ NWಛ௃ྔ
ਤ 3: ಈֶత NWܗ੒ήʔϜϞσϧ͕΋ͨΒ͢ NWτϙϩδͷಛ௃ɽ
ϊʔυ਺Λ 2000ɼ֤ϦϯΫίετ cij Λ (0, C]ͷൣғͷҰ༷෼෍ʹ͕ͨ͠͏ཚ਺ͱ͠ɼ100૊ͷϦϯΫ
ίετηοτʹ͍ͭͯγϛϡϨʔγϣϯΛߦ͍ɼݱΕΔ NW ಛ௃ྔͷฏۉ஋Λࣔͨ͠ɽ(a) ͓Αͼ (b)
͸࣍਺෼෍Ͱɼԣ࣠Λ࣍਺ɼॎ࣠Λग़ݱස౓ͱ͢Δ྆ର਺άϥϑͰ͋Δɽ఺ઢͰࣔ͞Ε͍ͯΔϑΟοςΟ
ϯάؔ਺͸ɼf(x) = αxγ ͷ α ͱ γ Λਪఆ͢Δ͜ͱʹΑͬͯٻΊΒΕͨ΋ͷɽ(a) τϥϯεϑΝʔͳ͠
(δ = 0.99, C = 140) ͷ৔߹ɽϑΟοςΟϯάؔ਺͸ α = 11.669, γ = −4.384ɼܾఆ܎਺ R2 = 0.766.
(b) τϥϯεϑΝʔ͋Γ (δ = 0.99, C = 240) ͷ৔߹ɽϑΟοςΟϯάؔ਺͸ α = 3.687, γ = −3.206ɼ
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4 ʹɼಈֶత NW ܗ੒ήʔϜϞσϧͷঢ়ଶભҠͷ
༷ࢠΛࣔ͢ɽ͜ͷྫͰ͸ɼϊʔυ਺͸ 3ɼݮਰύϥ
ϝʔλ δ = 0.9ɼίετύϥϝʔλ͸ cab = cba =
0.3, cbc = ccb = 0.1, cca = cac = 0.6 Ͱ͋Δɽਤ
4(a)͸ɼಈֶత NWܗ੒ήʔϜϞσϧͰঢ়ଶ͕ભ
Ҡ͢Δঢ়ଶۭؒͷશମͰ͋Δɽ3ϊʔυͰߏ੒Ͱ͖
Δτϙϩδ (=ঢ়ଶ)͸શ෦Ͱ 8(= 2(
3
2))ͭ͋Γɼ֤
ঢ়ଶ g0, . . . , g7 ͸ɼͦ ͷঢ়ଶͱϦϯΫͷ༗ແ͕ 1ຊ
͚ͩҟͳΔঢ়ଶͱྡ઀ؔ܎ʹ͋ΓɼഁઢͰ݁͹Εͯ
͍Δɽঢ়ଶͷ಺෦ʹ͸ϊʔυ a, b, c ͷ઀ଓؔ܎͕
ਤࣔ͞Ε͍ͯͯɼ֤ϊʔυͷ಺෦ʹ͸ͦͷརಘͷ஋
͕ه͞Ε͍ͯΔɽྫ͑͹ɼঢ়ଶ g6 Ͱ͸ɼϊʔυ a
















ͷҾ͖ࠐΈྖҬ͸ {g2, g3}ɼg5 ͷҾ͖ࠐΈྖҬ͸





















୅ঈ (Price of AnarchyɼҎԼ PoA)ɼ҆ఆੑ
ͷ୅ঈ (Price of StatiblityɼҎԼPoS)ͷ 2ͭ












ਤ 4: ಈֶత NWܗ੒ήʔϜϞσϧʹ͓͚Δঢ়
ଶભҠͷ༷ࢠɽஶऀΒͷҰ෦ʹΑΔจݙ (Imai
and Tanaka 2013)[6]ͷ Fig.2Λमਖ਼ͯ͠࡞੒ɽ






͜͜Ͱɼsi ∈ s ͸γεςϜ͕΋ͨΒ͢ղΛɼؔ਺












஋ΛऔΔɽPoA ͕ 1 Ͱ͋Δ͜ͱ͸ɼγεςϜ͕ඞ
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ਤ 5: ಈֶత NWܗ੒ήʔϜϞσϧʹΑΔঢ়ଶۭ
ؒͷ෼ׂͷ༷ࢠɽ

























Α͏ʹɼPoS ≤ ظ଴ PoA ≤ PoAͰ͋Γɼ౳߸͸
PoS = ظ଴ PoA = PoAͷͱ͖ʹͷΈ੒ཱ͢Δɽ














































ද 1: ಈֶత NWܗ੒ήʔϜϞσϧʹ͓͚Δظ଴ PoAͱطଘͷ 2ࢦඪͷҧ͍ʹ͍ͭͯࣔͨ͠ 8ϊʔυͷ
࣮ྫɽஶऀΒͷҰ෦ʹΑΔจݙ (Imai and Tanaka 2013)[6]ͷ Table.1Λमਖ਼ͯ͠࡞੒ɽ
͜ͷྫͰ͸શ෦Ͱ 12 ݸͷର҆ఆղ͕͋Γɼपظղ͸ଘࡏ͠ͳ͍ɽͦΕͧΕͷղʹ͓͍ͯɼNW τϙϩ
δɼརಘͷ૯࿨Ͱ༩͑ΒΕΔࣾձతޮ཰ੑɼҾ͖ࠐΈྖҬͷαΠζ͕ه͞Ε͍ͯΔɽର҆ఆղͷ͏ͪɼࣾ
ձతޮ཰ੑͷ࠷ѱ஋ͱ࠷ྑ஋͸ͦΕͧΕ s5 ͷͱ͖ͷ 5.81ɼs3 ͷͱ͖ͷ 27.11Ͱ͋Δɽޮ཰ղ sˆ͸ର҆
ఆղʹ͸ؚ·Ε͓ͯΒͣɼදͷ࠷ޙͷ෦෼ʹهࡌ͞Ε͓ͯΓɼޮ཰ղͷࣾձతޮ཰ੑͷ஋͸ 30.22ɽ͜ͷ




















































































































ଶΛ g5 ʹมߋ͢Δɽ͜Ε͸ɼ݁ୗऀ aͱ cʹͱͬ
ͯ͸Ұ࣌తʹརಘΛݮগͤ͞ΔߦಈͰ͋Δ͕ɼԿ΋
͠ͳ͔ͬͨͱ͖ͷ࠷ऴతͳঢ়ଶ g3 ͱൺ΂ͯɼมߋ



















ਤ 6: ʮ๬·͍͠ʯNW τϙϩδܗ੒Λଅ͢ 2
ͭͷΞϓϩʔνɽ
(a) ݱࡏͷঢ়ଶ͸ g2 Ͱ͋Γɼ͜ͷ··࠷ऴతʹ
౸ୡ͢Δঢ়ଶ͸ g3(རಘͷ૯࿨͸ 3.82) Ͱ͋Δ
͕ɼΑΓʮ๬·͍͠ʯঢ়ଶ͸ g5(ಉ 4.42)ɽ(b)
aͱ cͷؒͷϦϯΫίετΛ 0.5্͛Δͱɼg2
͔Β g5 ΁౸ୡ͢ΔΑ͏ʹͳΔɽ(c) aͱ c͕݁






















































































஫ 3 NW ܗ੒ήʔϜʹ͸ɼຊߘͰऔΓ্͛Δ
JacksonͱWolinskyͷ૒ํ޲Ϟσϧͷ΄͔
ʹɼBalaͱ Goyal͕ఏҊͨ͠Ұํ޲Ϟσϧ

















஫ 6 ৄ͘͠͸ Jackson ʹΑΔஶॻ (Jackson
2008)[7]ͷ 11.1અΛࢀরɽ




Λࣔͨ͢Ίʹ 1999 ೥ʹ Koutsoupias and
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